A BATCH MIXER AND A MIXING ROTOR FOR THE SAME 



BACKGROUND OF THE INVENTION 

This invention relates to a mixing rotor for mixing 
polymeric materials such as plastic materials and rubbers, and a 
mixer having such a rotor. 

A closed batch mixer suitable for kneading rubber has been 
known as a mixer of this type, for example, in Japanese Examined 
Patent Publication No. 58-4567. This mixer is designed to 
plasticize and melt a material to be mixed such as a plastic 
material or rubber by applying a strong shearing action to the 
material to be mixed by means of a pair of right and left rotors 
rotating in different directions in a mixing chamber. By 
efficiently mixing and dispersing various fillers and additives 
into the material to be mixed, plastic and rubber products of 
various qualities can be produced. 

FIGS. 4A to 4C show mixing rotors used in such a mixer. 
Each mixing rotor 4 is provided on its outer circTomf erential 
surface with longer blades 22 and shorter blades 23 for allowing 
a material to be mixed to pass through tip clearances between 
the tips of the blades 22, 23 and the inner surface of a mixing 
chamber and imparting shearing forces thereto. 

For creating axial material flows 24. 24' within the mixing 
chamber and thereby enhancing the degree of mixing of the 
material to be mixed, the longer and shorter blades 22, 23 are 
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axially separated from each other, located at circiimf erentially 
displaced positions, and twisted in opposite directions. 

In the conventional mixing rotor 4 as above, the respective 
blades 22, 23 are all linear in a development of the mixing 
rotor 4 developed into a plane about its longitudinal axis, and 
helix angles 8 thereof are all the same. In other words, the 
helix angle 9 of each blade 22, 23 is constant in the range from 
a start point P to a terminal point Q. In FIG. 4, the letter 
"r" denotes a rotational direction of the mixing rotor. 
Similarly, the letter "r" denotes a rotational direction of a 
mixing rotor in the drawings showing an embodiment to be 
described later. 

By increasing the helix angles 6 of the blades 22, 23 to 
the axial direction, an axial feed capacity is improved to 
thereby enhance the degree of mixing of the material to be 
mixed. Conversely, by decreasing the helix angles 9, a passage 
quantity of the material to be mixed through the tip clearances 
(hereinafter referred to as "material passage quantity") 
increases to thereby enhance the degree of dispersion of the 
material to be mixed. 

However, since the helix angle of each blade 22, 23 is 
constant in the range from the start point P to the terminal 
point Q, it has been difficult to balance the degree of mixing 
and the degree of dispersion of the material to be mixed. This 
has resulted in difficulty to execute an appropriate control for 
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securing well-balanced mixing and dispersion of the material to 
be mixed. 

For example, if the helix angle 9 is increased in the 
mixing rotor 4 for the batch mixer shown in FIG. 4 with the 
longer and shorter blades 22, 23 left linear in the development, 
the axial flows 24, 24' of the material to be mixed become 
larger, making it possible to enhance the degree of mixing. In 
such a case, the material passage quantity through the tip 
clearances of the respective blades 22, 23 decreases, resulting 
in a reduced degree of dispersion. 

Conversely, if the helix angle 9 is decreased with the 
longer and shorter blades left linear in the development, the 
material passage quantity through the tip clearances of the 
respective blades 22, 23 increases, making it possible to 
enhance the degree of dispersion. However, in such a case, the 
axial flows 24, 24' of the material to be mixed become smaller, 
resulting in a reduced degree of mixing. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a batch 
mixer and a mixing rotor which are free from the problems 
residing in the prior art . 

It is another object of the present invention to provide an 
appropriate mixing control capable of realizing both sufficient 
mixing and sufficient dispersion of a material to be mixed by 
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efficiently balancing mixing and dispersion of the material by 
means of mixing rotors. 

According to an aspect of the present invention, a batch 
mixer is rot at ably provided with a mixing rotor in a mixing 
chamber of the mixer. The mixing rotor comprises a plurality of 
mixing blades, each mixing blade defining a tip clearance 
between a tip of the mixing blade and an inner surface of the 
mixing chamber. The mixing blade imparts shearing forces to a 
material to be mixed in the tip clearance. The plurality of 
mixing blades includes a nonlinear blade which is substantially 
nonlinear from a start point to a terminal point in a 
development of the mixing rotor developed into a plane about its 
longitudinal axis, and other linear blades which is linear in 
the development. 

These and other objects, features and advantages of the 
present invention will become more apparent upon a reading of 
the following detailed description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view showing a pair of right and left 
mixing rotors for a batch mixer according to an embodiment of 
the invention; 

FIGS. 2A and 2B are diagrams showing respective 
developments of the right and left mixing rotor about their 
longitudinal axes; 
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FIG. 3 is a front view in section of a batch mixer 
according to the embodiment of the invention; 

FIG. 4A is a plan view showing a pair of right and left 
mixing rotors of a conventional batch mixer; 

FIGS. 4B and 4C are diagrams showing respective 
developments of the conventional right and left mixing rotors 
about their longitudinal axes. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE 
INVENTION 

Referring to FIG. 3 showing a closed batch mixer 1 
embodying the invention, a mixer 1 is provided with a chamber 3 
having a mixing chamber 2 which is in the shape of spectacles' 
holes in section, a pair of right and left mixing rotors 4 
rotatably inserted into the mixing chamber 2. a material feed 
cylinder 6 erected on an upper opening of the chamber 3 and 
equipped with a hopper 5, and a floating weight 7 vertically 
movably inserted into the feed cylinder 6. 

A pneumatic cylinder 8 is connected to the top of the 
material feed cylinder 6, and a piston 9 installed in the 
cylinder 8 is connected to the floating weight 7 through a 
piston rod 10 which extends through a lower lid of the cylinder 
8 in an airtight manner. Thus, by pressing an upper portion of 
the pneumatic cylinder 8 and thereby moving the floating weight 
7 down, a material to be mixed fed from the hopper 5 and present 
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within the material feed cylinder 6 is forced into the chamber 
3. 

A discharge port formed at the bottom of the chamber 3 is 
closed by a drop door 11 which is made movable to open and close 
by a rotary actuator. By opening the drop door 11, the material 
having been mixed in the mixing chamber 2 for only a 
predetermined time can be discharged to the outside of the mixer 
1. 

FIG. 1 is a plan view showing a pair of right and left 
mixing rotors 4, and FIGS. 2A and 2B are developments of the 
right and left mixing rotors about their longitudinal axes, 
respectively. The mixing rotors 4 used in this embodiment are 
rotated in opposite directions (directions of arrows "r" in FIGS. 
1 and 2) so that opposing inner portions thereof shift downward. 
Each rotor 4 is provided with a plurality of mixing blades for 
causing a material to be mixed to pass through tip clearances 
between the tips of the mixing blades and the inner surface of 
the mixing chamber 2 and thereby Imparting shearing forces to 
the material. 

The mixing blades of this embodiment include a pair of 
longer blades 12, 13 which are longer than half the length L of 
the mixing rotor 4 and a pair of shorter blades 14, 15 which are 
shorter than that. For creating an axial material flow 18 to 
enhance the degree of mixing of the material to be mixed, the 
longer blades 12, 13 and the shorter blades 14, 15 are separated 
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from each other in the longitudinal direction, located at 
circtimf erentially displaced positions, and the pair of longer 
blades 12, 13 and the pair of shorter blades 14, 15 are twisted 
in opposite directions, respectively. 

In the right and left mixing rotors 4, the arrangement of 
the respective blades 12 to 15 is reversed with respect to 
forward and backward directions, i.e.. the blades 12 to 15 are 
symmetrical with respect to a center point O. Further, since 
each rotor 4 of this embodiment has two tips in section and has 
a total of four blades, the respective blades 12 to 15 are 
located at positions displaced from each other only by about a 
quarter of a circumference. 

The shorter blades 14, 15 can be set to have a length of 
about 0.1 to 0.5 times that of the longer blades 12, 13. In the 
shown rotor, the longitudinal dimension of the first longer 
blade 12 is set at 0.7L (L: length of the mixing rotor), whereas 
that of the second longer blade 12 is set at 0.65L. Further, 
the longitudinal dimension of the first shorter blade 14 is set 
at 0.35L, whereas that of the second shorter blade 15 is set at 
0.3L. 

As shown in FIGS. 2A and 2B, the first longer blade 12, the 
first and second shorter blades 14, 15 are usual linear blades 
which are linear in the development of the mixing rotor 4 about 
the longitudinal axis, and these linear blades are set such that 
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their helix angles 6 to the axis o£ the mixing rotor 4 are 15 to 
35°. In the shown rotor. 0 is set at 22°. 

Contrary to this, the second longer blade 13 is a nonlinear 
blade which is substantially nonlinear from the start point P to 
the terminal point Q in the development of the mixing rotor 4 
about its longitudinal axis. The second longer blade 13 of this 
embodiment is so formed as to be curved, i.e., nonlinear from 
the start point P to the terminal point Q in the development by 
continuously changing the helix angle 6 to gradually decrease 
from the start point P located at a longitudinal end side of the 
mixing rotor 4 toward the terminal point Q located at a 
longitudinal middle side of the mixing rotor 4. 

Specifically, as shown in FIG. 2A, a section 16 of the 
second longer blade 13 at its start point side has an angle of 
inclination larger than that of a phantom straight line HL 
connecting the start point P and the terminal point Q, whereas a 
section 17 thereof at its terminal point side has an angle of 
inclination smaller than that of the phantom straight line HL. 

Thus, the helix angle is larger at the section 16 of the 
second longer blade 13 as compared to the linear blade having a 
developed shape corresponding to the phantom straight line HL. 
Therefore, a larger and stronger material flow 18 can be created 
at the section 16 as compared to the case of the linear blade, 
with the result that the material to be mixed can be mixed to an 
enhanced degree. 
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On the other hand, the helix angle is smaller at the 
section 17 of the second longer blade 13 as compared to the 
linear blade having a developed shape corresponding to the 
phantom straight line HL. Therefore, a larger quantity of the 
material is allowed to pass through the tip clearance 
corresponding to the section 17 as compared to the case of the 
linear blade, with the result that the material to be mixed can 
be dispersed to an enhanced degree. 

As shown in FIGS. 2A and 2B, in the mixing rotor 4 of this 
embodiment, the first longer blade 12 is a linear blade linearly 
extending from one longitudinal end of the mixing rotor 4 toward 
the longitudinal middle side of the mixing rotor 4, whereas the 
second longer blades 13 is a nonlinear blade which extends from 
the other longitudinal end of the mixing rotor 4 toward the 
longitudinal middle side of the mixing rotor 4 and whose helix 
angle gradually increases toward the other longitudinal end. 

The first shorter blade 14 is a linear blade which is 
arranged behind the first longer blade 12 with respect to the 
rotational direction of the mixing rotor 4, twisted in the same 
direction as the first longer blade 12. and extends from the one 
longitudinal end of the mixing rotor 4 toward the longitudinal 
middle side of the mixing rotor 4. The second shorter blade 15 
is a linear blade which is arranged behind the second longer 
blade 13 with respect to the rotational direction of the mixing 
rotor 4, twisted in the same direction as the second longer 
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blade 13, and extends from the other longitudinal end of the 
mixing rotor 4 toward the longitudinal middle side of the mixing 
rotor 4. 

Further, in this embodiment, the leading end of the first 
longer blade 12 at the longitudinal middle side of the mixing 
rotor 4 is located at a position which is spaced apart from the 
second longer blade 13 by 120° or larger in the circumferential 
angle "c" of the mixing rotor 4, and the leading end of the 
second longer blade 13 is located substantially in the middle 
between the leading end of the first shorter blade 14 and the 
first longer blade 12 in the circumferential direction of the 
mixing rotor 4. In other words, the leading end of the second 
longer blade 13 is set at such a circumferential position that 
circumferential angles "a" and "b" in FIG. 2B are substantially 
identical. 

According to the mixing rotor 4 of this embodiment thus 
constructed, while a sufficient axial flow 18 of the material to 
be mixed is created to enhance the degree of mixing by the 
section 16 of the second longer blade 13 which is a nonlinear 
blade whose helix angle gradually increases toward the other 
longitudinal end, a sufficient shearing force is imparted to the 
material to be mixed to enhance the degree of dispersion by the 
first longer blade 12 which is a linear blade whose helix angle 
is set at 15" to 35°. Therefore, an appropriate mixing control 
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capable of realizing both sufficient mixing and sufficient 
dispersion can be executed. 

Further, since the terminal -point side section 17 of the 
second longer blade 13 acts to sufficiently disperse the 
material to be mixed, a sufficient dispersion performance can be 
secured by both the first and second longer blades 12, 13 at the 
longitudinal middle side of the mixing rotor 4. 

Furthermore, since the material flow 18 toward the 
longitudinal middle side is enhanced by the start -point side 
section 16 of the second longer blade 13, this suppresses the 
material to be mixed being pressed against the longitudinal end 
surface of the mixing chamber 2, thereby providing an additional 
effect of improving a sealing performance of bearing portions 
between the chamber 3 and the mixing rotor 4. 

In the mixing rotor 4 of this embodiment, the first shorter 
blade 14 is arranged behind the first longer blade 12 with 
respect to the rotational direction of the mixing rotor 4 while 
being twisted in the same direction as the first longer blade 
12, and the second shorter blade 15 is arranged behind the 
second longer blade 13 with respect to the rotational direction 
of the mixing rotor 4 while being twisted in the same direction 
as the second longer blade 13. Accordingly, the material flown 
to the back side of the first longer blade 12 can be pushed back 
toward the longitudinal middle side of the mixing rotor 4 by the 
first shorter blade 14, and the material flown to the back side 
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of the second longer blade 13 can be pushed back toward the 
longitudinal middle side of the mixing rotor 4 by the second 
shorter blade 15. 

Thus, the material to be mixed is prevented from staying at 
the longitudinal ends of the mixing rotor, leading to an 
improved mixing performance, and shearing forces can be securely 
imparted to the material flown to the back sides of the 
respective longer blades 12, 13 by the respective shorter blades 
14, 15, leading to an improved dispersion performance. 

Further, in the mixing rotor 4 of this embodiment, a 
sufficiently large space is provided before the second longer 
blade 13 with respect to the rotational direction of the mixing 
rotor 4 by locating the leading end of the first longer blade 12 
at a position circumf erentially spaced apart from the second 
longer blade 13 by 120** or larger, and a sufficiently large 
space is provided before the first longer blade 12 with respect 
to the rotational direction of the mixing rotor 4 by locating 
the leading end of the second longer blade 13 substantially in 
the middle between the leading end of the first shorter blade 14 
and the second longer blade 12 in the circumferential direction 
of the mixing rotor 4. Therefore, the axial flow of material to 
be mixed becomes active, resulting in an improved mixing 
performance . 

The conventional mixing rotors shown in FIG. 4 and the 
inventive mixing rotors shown in FIG. 1 were driven under the 
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same conditions and differences in performance between the two 
different mixing rotors were checked by an experiment. 

The result of the experiment showed that, as compared to 
the conventional mixing rotors (FIG. 4), the dispersion 
performance of the inventive mixing rotors (FIG. 1) was improved 
by about 10 percent, the energy consumption thereof was reduced 
by about 5 percent, and the discharge temperature of the mixed 
material was reduced by about 10°C when the inventive mixing 
rotors were used. 

Further, blue powder was added to white rubber and mixed 
states by the two kinds of rotors was checked under the same 
conditions. With the conventional mixing rotors, the blue 
powder was not entirely mixed into the rubber, thereby leaving 
lots of white rubber portions. Contrary to this, with the 
inventive mixing rotors, the blue powder was entirely mixed into 
the rubber and, therefore, white rubber portions were hardly 
found . 

Although the invention has been described with respect to 
the foregoing embodiment. this embodiment is merely 
illustrative, but not restrictive. The technical scope of the 
invention is determined by claims, and all modes conceivable 
from the claims are embraced by the scope of the present 
invention . 

For example, the number of the mixing blades of the mixing 
rotor in its circumferential direction is not limited to two. 



13 



but may be three or more, and three or more kinds of mixing 
blades may be separately arranged in longitudinal direction. 
Further, the present invention is also applicable to meshing 
mixing rotor, tangent mixing rotor or uniaxial mixing rotor. 

Although the helix angle of the nonlinear blade (second 
longer blade 13) continuously varies in any position with 
respect to the longitudinal direction (i.e., the developed shape 
is curved) in the foregoing embodiment, the helix angle may 
discontinuously vary provided that the developed shape of the 
blade from the start point to the terminal point is recognized 
to be substantially nonlinear. 

Specifically, the "substantially nonlinear" referred in the 
present invention means that a developed shape of a single blade 
having a start point and a terminal point is slightly 
circumferentially deviated from a straight line connecting the 
start and terminal points, i.e., a shortest path between the two 
points, and the deviated path may be curved or bent. 

The material to be mixed can be mixed and dispersed in a 
well-balanced manner by means of the mixing rotors by providing 
the nonlinear blades in addition to the usual linear blades. 
Therefore, an appropriate mixing control capable of realizing 
both sufficient mixing and sufficient dispersion can be 
executed. 

As described above, a plurality of mixing blades formed on 
a mixing rotor include a nonlinear blade which is substantially 
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nonlinear from a start point to a terminal point in a 
development of the mixing rotor developed into a plane about its 
longitudinal axis, and other linear blades which is linear in 
the development. 

The nonlinear blade which is substantially nonlinear in the 
development is provided in addition to the linear blades whose 
helix angle is set within the above range. Since such a 
nonlinear blade is substantially nonlinear from the start point 
to the terminal point in the development, the shape thereof can 
be set such that the helix angle is increased at a certain 
section to increase the axial flow of the material while being 
decreased at the other section to enhance the degree of 
dispersion. 

By combining such a nonlinear blade with the usual linear 
blades, mixing and dispersion of the material to be mixed can be 
more efficiently balanced as compared to the mixing rotor having 
only linear blades. 

The mixing rotor for a batch mixer normally includes a pair 
of longer blades which are twisted in such a direction as to 
cause the material to flow toward a longitudinal middle side of 
the mixing rotor and are longer than half the length of the 
mixing rotor. In the case of such a mixing rotor, the pair of 
longer blades may include a first longer blade which is a linear 
blade extending from one longitudinal end of the mixing rotor 
toward the longitudinal middle side thereof, and a second longer 
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blade which is a nonlinear blade which extends from the other 
longitudinal end of the mixing rotor toward the longitudinal 
middle side thereof and whose helix angle gradually increases 
toward the other longitudinal end. 

In such a case, sufficient shearing forces are imparted to 
the material to enhance the degree of dispersion by the linear 
blades, while the axial flow of the material is sufficiently 
created at the other longitudinal end of the mixing rotor by the 
second longer blade which is a nonlinear blade whose helix angle 
gradually increases toward the other longitudinal end. 
Therefore, an appropriate mixing control capable of realizing 
both sufficient mixing and sufficient dispersion can be 
executed . 

In this case, further, there is an additional effect of 
improving a sealing performance of bearing portions between the 
chamber and the mixing rotor since the helix angle of the second 
longer blade gradually increases toward the other longitudinal 
end. 

The helix angles of the linear blades are preferably set at 
15 to 35° from the following empirically obtained knowledge. In 
the case of a usual linear blade, a force for causing the axial 
flow of the material to be mixed is weakened if the helix angle 
is below 15°. with the result that an appropriate mixing 
performance cannot be obtained. If the helix angle exceeds 35°, 
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a shearing force is weakened, with the result that an 
appropriate dispersion performance cannot be obtained. 

In the case of providing a first shorter blade which is 
twisted in such a direction as to cause the material to flow 
toward the longitudinal middle side of the mixing rotor and is 
shorter than half the length of the mixing rotor, this first 
shorter blade is preferably a linear blade which is arranged 
behind the first longer blade with respect to a rotational 
direction of the mixing rotor, twisted in the same direction as 
the first longer blade, and extends from the one longitudinal 
end of the mixing rotor toward the longitudinal middle side 
thereof . 

Further, in the case of providing a second shorter blade 
which is twisted in such a direction as to cause the material to 
flow toward the longitudinal middle side of the mixing rotor and 
is shorter than half the length of the mixing rotor, this second 
shorter blade is preferably a linear blade which is arranged 
behind the second longer blade with respect to the rotational 
direction of the mixing rotor, twisted in the same direction as 
the second longer blade and extends from the other longitudinal 
end of the mixing rotor toward the longitudinal middle side 
thereof . 

In such a case, the material flown to the back side of the 
first longer blade can be pushed back toward the longitudinal 
middle side of the mixing rotor by the first shorter blade. 
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whereas the material flown to the back side of the second longer 
blade can be pushed back toward the longitudinal middle side of 
the mixing rotor by the second shorter blade. Thus, the 
material is effectively prevented from staying at the 
longitudinal ends of the mixing rotor, leading to an improved 
mixing performance, and shearing forces can be securely imparted 
to the material flown to the back sides of the respective longer 
blades by the respective shorter blades, leading to an Improved 
dispersion performance. 

Further, if the leading end of the first longer blade at 
the longitudinal middle side of the mixing rotor is located at a 
position spaced apart from the second longer blade by 120° or 
larger in the circumferential direction of the mixing rotor 
and/or the leading end of the second longer blade at the 
longitudinal middle side of the mixing rotor is located 
substantially in the middle between the leading end of the first 
shorter blade at the same side and the first longer blade, 
sufficiently large spaces can be provided between the respective 
mixing blades, which causes the axial flow of the material to 
become active and, therefore, results in an improved mixing 
performance. 

This application is based on patent application No. 2000- 
126148 filed in Japan, the contents of which are hereby 
incorporated by references. 
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As this invention may be embodied in several forms without 
departing from the spirit of essential characteristics thereof, 
the present embodiment is therefore illustrative and not 
restrictive, since the scope of the invention is defined by the 
appended claims rather than by the description preceding them, 
and all changes that fall within metes and bounds of the claims, 
or equivalence of such metes and bounds are therefore intended 
to embraced by the claims. 
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